In this work, the aim was to measure the Contrast Sensitivity Function (CSF) among patients with, and healthy volunteers without this pathology. The subjects of the tests were 12 female volunteers, aged 20-37 years -six of them with migraine, and six other ones without migraine. CSF measurements were performed using static visual stimuli of angular sine-wave gratings, with spatial frequencies of 2, 3, 4, 24 and 64 cycles/360º. Method used was the psychophysical one, with forced choice between two temporal alternatives, conditions of photopic luminance (screen average luminance of 41 cd/m²), and binocular vision with natural pupil. The results demonstrate that visual perception of contrast by the volunteers with migraine was lower in the frequencies of 2, 3, 4 and 64 cycles/360°. These preliminary findings suggest changes in the CSF related to this pathology. McKendrick and Badcock (2003) using the technique of constant and pulsed pedestal rated M and P pathways of people with migraine, who also had visual field loss, and people without the pathology. These authors demonstrated the impairment of contrast sensitivity of subjects with migraine, particularly towards M. McKendrick and Sampson (2009) obtained similar results with the same technique, voluntary groups and with visual stimuli of vertical sine-wave gratings with spatial frequencies of 0.25, 0.5, 1, 2 and 4 cpd.
Benedek, Tajti, Janáky, Vecses and Benedek (2002) measured contrast sensitivity with static and dynamic visual stimuli of sinusoidal vertical gratings with spatial frequencies of 0.5, 1.2, 1.9, 2.9, 3.6, 4, 8, 5.7, 7 .2 and 14.3 cpd in conditions of photopic and scotopic luminance and found a decrease in the sensitivity of patients with migraine, especially in lower frequencies in the scotopic condition.
Shepherd (2000) used a supra-scale contrast and found that participants with migraine had on average lower values to see contrast, and a loss in the detection of spatial frequency of 4 cpd. Yenice et al. (2007) evaluated the contrast sensitivity cards through the spatial frequencies of 1.5, 3, 6, 12, 18 cpd and showed that the group with migraine had lower contrast sensitivity at all frequencies tested. Shibata, Yamane, Iwata and Ohkawa (2005) used high levels of contrast, medium and low visual stimuli with spatial frequencies of 0.5, 1 and 4 cpd in patterns through the checkerboard visual evoked potential. These researchers found impaired visual processing in people with migraine with and without aura in the frequency of 4 cpd.
In summary, the data from these studies show that migraine contrast alters the perception of visual stimuli in a variety of methods, there is a greater involvement of the M pathway and the low spatial frequencies. Until today, no studies relating the effects of migraine using CSF and the stimulation of sinusoidal angular grating were found.
This stimulus is defined in terms of amplitude modulation of contrast and spatial frequency. The angular grating is a sinusoidal pattern whose luminance varies in angular direction, according to the sine or cosine in a polar coordinate system. This stimulus is a dimensionless, integer and its frequency is independent of distance, because the frequency is defined as the number of whole cycles per 360°. More information about angular grating stimuli, originally proposed by Simas (1985) , can be found in the literature (Santos & Simas, 2001; Simas & Santos, 2002) .
In this sense, this study aims to compare the contrast sensitivity function of women diagnosed with migraine and women without migraine, using sinusoidal angular grating stimuli in photopic luminance conditions. LIANA C. MENDES, MELYSSA K. C. GALDINO, JÁKINA G.VIEIRA, MARIA L. B. SIMAS E NATANAEL A. SANTOS Method Participants Participated these study 12 adult females, aged from 20 to 37 years. Six volunteers with migraine, mean age 29 ± 5.4 (two with visual aura and four without such symptoms) and six free of disease, mean age 27.8 ± 4. All had normal or corrected visual acuity, confirmed by chart of optotypes "E" Rasquin. Participants who presented eye diseases or any disease that affects visual functions were excluded.
An investigation of the history of the disease and its episodes was conducted through a questionnaire and showed that the average time that participants had migraine was 17 years. All had accompanying factors and common triggers such as nausea, photophobia, phonophobia, stress, sleep deprivation and exposure to the computer screen. Five volunteers presented a family history of migraine and headache. Bilateral pain predominated in the frontal, temporal and occipital region radiating to the back of the neck. For all participants with the disease, the search for analgesia was through rest and medication, such as paracetamol and sodium dipyrone.
During of 15 days, participants recorded their migraine episodes in the Journal of Pain, an assessment tool of the crises, available in the website of Brazilian Headache Society (2009). The characterization of these episodes shows that there was an average of four crises in this period. The qualifications of pain showed a predominance of moderate to severe, constant, or throbbing, lasting over two hours.
Measures of contrast sensitivity occurred between seizures and with an interval of at least 48 hours. Therefore, the volunteers were subjected to visual tests without the use of medication.
Participation in the survey was by signing a term of informed consent, according to Resolution 196/96 of the National Health Council's work recorded by the Ethics Committee in Research of the Center for Health Sciences at this university.
Equipment and Visual Stimuli
The equipment included a video monitor (LG) CRT (cathodic ray tube) 19-inch with VGA and DVI input, connected to a digital video processor, BITS + + (Cambridge Research Systems). BITS + + was used to increase the proportion of the display dynamic range, in other words, 24 bits per pixel on the monitor existing policy, which is equivalent to 256 grayscale levels, have been expanded to 42 bits per pixel, equivalent to 16,384 gray scale levels. This equipment allowed running experiments with high contrast resolution in a common computer. A computer mouse to the participants answer to visual stimuli presented and a ColorCal photometer (Cambridge Research Systems) to measure the average luminance of the monitor screen, which was 41 cd / m², and perform gamma correction were also used.
The visual stimuli used in the experiments were: a neutral stimulus with uniform luminance and angular sine-wave standards with spatial frequencies of 2, 3, 4, 24 and 64 ° cycles/360 (Figure 1 ). These were static, generated grayscale, circularly symmetric, with a diameter of about 7 degrees of visual angle at 150 cm (standard distance used between the monitor and the volunteer). Figure 1 . Example of angular grating stimulus of spatial frequencies of 3 cycles/ 360º and neutral stimulus, respectively. The stimuli were originally calibrated to be seen at a distance of 150 cm.
Procedure
We used the time forced-choice psychophysical method (Wetherill & Levitt, 1965 ) between two alternatives, in which the volunteer, with binocular vision, had to choose between two stimuli: a test stimulus and a neutral stimulus, which contained the spatial frequency. There were two experimental sessions on different days for each frequency. During the experimental sessions, participants were subjected to successive simple discrimination of pairs of stimuli displayed on the monitor screen. The order of stimulus presentation was random. Each stimulus was presented for two seconds, with a one second interval between them.
Before experiments started, we performed a training session to ensure that participants understood and responded as instructed. The volunteers were instructed to press the left mouse button (or number 1) when they felt the test stimulus was presented first, and the right mouse button (or number 2) when they felt the test stimulus was presented second.
Each session began with the contrast of the test stimulus supralevel. The criterion was: three consecutive hits to lower contrast and a unit of an error to increase contrast in a unit (20%). The number of presentations needed to determine the threshold contrast varied according observer arrangements to provide a total of ten reversals (five maximum and minimum values of five contrast), required for the automatic end of the session.
Results
The contrast values obtained for each spatial frequency were gathered into spreadsheets according to each group (participants with migraine and participants without migraine). The grand average was used as an estimate of contrast sensitivity Figure 2 shows the curves of contrast sensitivity as a function of spatial frequency and the vertical lines represent the mean standard error for each frequency. The contrast sensitivity curves of the volunteers with migraine and without migraine have similar profiles and maximum sensitivity of the two groups occurred at a frequency of 24º cycles/360º. The group without migraine was approximately 1.2, 1.13, 1.16 and 1 times more sensitive than the group with migraine in the sine-wave angular gratings with spatial frequencies of 2, 3, 4 and 64° cycles/360º, respectively. The post hoc analysis with Newman Keuls test showed significant differences between the group with migraine and the group without migraine for spatial frequencies of 2, 4, 24 and 64° cycles/360º (p <0.0001).
Discussion
The initial proposal of this research was to investigate the effects of migraine on visual perception of contrast in adult female, using the CSF of angular sine-wave gratings measured with forced-choice psychophysical method. The hypothesis was to assess whether migraine changes the visual processing of the angular sine-wave gratings in photopic luminance conditions.
The results showed that the maximum contrast sensitivity in photopic luminance level occurred at a 24 cycles/360º frequency in both groups (with migraine and without migraine). These results were expected because at photopic luminance levels, the range of maximum sensitivity occurs at about 24 degrees to cycles/360º angular stimuli (Simas, 1985; Simas & Santos, 2002) . Moreover, according to Figure 2 , the contrast sensitivity curves of both groups show a similar profile to the general pattern characteristic found in the literature for adults in this age group (Simas, Walnut, and Santos, 2005; Simas & Santos, 2002 ) . In other words, these curves show a peak in the middle frequencies, with reduced sensitivity to values below or above this range.
Statistical analysis showed that the participants without migraine are more sensitive to the spatial frequencies of 2, 4 and 64 cycles/360°c ompared to participants with migraine. The group with migraine was more sensitive than the group without migraine frequency of 24 cycles/ 360º. These results support the hypothesis that migraine changes the visual processing of angular sine-wave gratings with photopic contrast levels. The result with angular sine-ware gratings reinforces some studies in the literature, which showed losses in visual perception of contrast for vertical sine-wave grating patterns (Benedek et al. 2002; McKendrick & Badcock, 2003; McKendrick & Sampson, 2009; Yenice et al ., 2007) , even some of these studies only reported damage, for example, in the spatial frequency 4 cpd (Shepherd, 2000 , Shibata et al., 2005 .
On the other hand, the results of this study were different from the study of Benedek et al. (2002) . The researchers found no damege in the perception of scotopic vertical sine-wave gratings of patients with migraine. They found differences only for scotopic low vertical spatial frequencies. However, these studies can not be compared directly, since they have different experimental and methodological conditions. For example, studies so far have been vertical sine-wave gratings but the present study was conducted with angular sine-wave gratings.
However, the decreased sensitivity in the lower frequencies (2, 3 and 4 cycles/360º) may be an indication of impairment of the M visual pathway in patients with migraine, confirming some studies (McKendrick & Sampson, 2009; McKendrick, Vingrys, Badcock, & Heywood, 2001; Shepherd, 2000) . The low frequencies correspond to the general shape of the object (Simas & Santos, 2001 ). On the other hand, the commitment of the highest spatial frequency tested (64 cycles/360°) may be related to changes in P pathway. It is not possible to say yet that migraine interacts differently with different levels of luminance or P and M pathways, further research must be conducted to investigate this question.
The results of this work, using angular sine-wave gratings are inedited in the literature. The visual system is at least twice as sensitive to these stimuli than to stimuli like linear or vertical sine-wave gratings in their respective ranges of maximum sensitivity (Simas & Santos, 2002; Simas, Santos, & Thiers, 1997) . In fact, studies show that stimulus of verti-cal and angular sine-wave gratings are processed in different visual areas, while the vertical sine-wave grating is processed in the primary visual area (V1), the angular sine-wave grating is processed in extra visual areas, V4 and inferior temporal visual cortex -IT (De Valois & De Valois, 1990; Gallant, Connor, Rakshit, Lewis & van Essen, 1996; Merigan, 1996; Wilson & Wilkinson, 1998) . These findings are also reinforced with functional imaging technique in humans . Tibber et al. (2006) confirmed the involvement of visual areas V4 and IT in subjects with migraine, and McKendrick, Badcock, and Gurgone (2006), specifically in V4. The literature also reports changes in the processing of visual in the cortical areas primary and secondary (Puca, Tommaso, Savarese, Genco & Prudenzano, 1992; Schoenen, 1996) , auditory cortex (Schoenen, 1996) and in the frontal cortex (Kropp & Gerber, 1993; Schoenen, 1992) related to migraine.
In this study, the sensitivity was evaluated only in female participants, this choice was made because of the higher prevalence of migraine in this population (Dahlem & Müller, 2003; WHO, 2005) . Studies of psychophysical techniques generally use a few subjects and multiple measurements of the frequencies. This fact is also seen in the classic papers (Blakemore & Campbell, 1969; Campbell & Robson, 1968) .
Studies of this nature have to consider some variables of the sample that may confound or interact with migraine, such as drug use, frequency and duration of crisis etc. (Shepherd, 2000) . Several studies described here did not mention the control of these variables, but they can directly influence the results. In this study, the subjects answered a structured questionnaire with questions about the history of migraine, and the Journal of Pain, a tool for assessing the crisis. The average time the participants had the disease was 17 years, with an average of four attacks for 15 days and pain intensity from moderate to strong. The experimental sessions to measure visual perception occurred between crisis, with an interval of at least 48 hours, and participation has not happened under the influence of pain medication.
Only two participants had the symptom of visual aura, but changes in visual functions of people with migraine do not seem to be the effect of the aura, as these losses were also reported in participants with migraine who did not have visual aura (McKendrick & Badcock, 2003; McKendrick & Sampson, 2009) . The visual aura is a neurological symptom that precedes, accompanies, or rarely succeeds migraine, characterized by scintillating scotomas, photopsia, hemianopsia unilateral or bilateral, or flashes of light colored lines (Queiroz et al., 1997) .
Finally, it is early to make more statements, new research is being conducted to study in a wider range and more systematically the effects of migraine in contrast sensitivity, taking into account other variables such as different visual stimuli, and sample characteristics, as sex and drug. LIANA Resumen: Resumen: En este trabajo, el objetivo era medir la función de sensibilidad al contraste (CSF) en pacientes con y voluntarios sanos sin esta patología. Los sujetos de los ensayos fueron 12 mujeres voluntarias, con edades entre 20-37 años -seis de ellos con la migraña, y seis otros sin migraña. Mediciones LCR se realizaron mediante estí-mulos visuales estáticos de rejilla angular de onda sinusoidal, con frecuencias espaciales de 2, 3, 4, 24 y 64º cycles/360º. El método utilizado fue el psicofísico con elección forzada entre dos alternativas temporales, las condiciones de luminosidad fotópica (luminancia de pantalla media de 41 cd / m²) y la visión binocular con pupila natural. Los resultados demuestran que la percepción visual de contraste por los voluntarios con migraña fue menor en las frecuencias de 2, 3, 4 y 64 cycles/360°. Estos hallazgos preliminares sugieren cambios en el LCR en relación aesta patología. 
